Abstract: Iron shows fast heat development under microwave (MW) irradiation. This property was used to start polymerization reactions on the surface of iron fibres. MW irradiation of metal fibres, which are located in a monomer solution consisting of methyl methacrylate, ethylene glycol dimethacrylate, N,N'-azoisobutyronitrile and toluene led to the formation of polymer on the metal fibre surface. After dissolving the covered iron component in hydrochloric acid, a channelcontaining polymeric material was obtained. Scanning electron microscopy showed a smooth material with rough inner channels. These internal surface structures were caused by the rough surface of the metal fibres.
Introduction
Microwave technology is a rapidly developing alternative method to traditional thermal heating in an oil bath. This technology is used increasingly as an activation method for organic and polymeric synthesis because a large number of these reactions undergo an immense increase in reaction speed, yield and selectivity [1] [2] [3] [4] [5] [6] [7] . It also reveals new possibilities for the production of novel materials by selective heating of polar substances.
Materials containing spatially ordered and structurally defined cavities are of potential interest in many different fields of application, e.g., in the medical area as artificial bone replacement [8] [9] [10] . In addition they provide excellent opportunities to create materials with special functionality, e.g., as catalysts [11] or materials for chromatographic applications.
In this work we report for the first time the creation of channel-containing polymeric materials by microwave (MW) irradiation based on iron fibres as template.
Results and discussion
For the synthesis of channel-containing polymer materials, iron fibres were placed in pressure-resistant tubes and were covered with a solution of methyl methacrylate 1 (MMA, 1), ethylene glycol dimethacrylate (2) and N,N'-azoisobutyronitrile (AIBN, 3) in toluene. The solution was irradiated by a homogeneous MW field. After a few minutes a solid material consisting of cross-linked PMMA (4) with embedded metal fibres was obtained. The incorporated fibres could be removed in concentrated hydrochloric acid, while a channel-containing polymeric material ( Fig. 1.1, 1. 2) was obtained. The strongly cross-linked structure of the PMMA network [12] assures that the aqueous acid dissolves selectively the iron, without disturbing the polymer matrix. The slight yellow colour of the polymer can be related to iron(III) ions, which could not be completely removed from the polymer. Experiments with shorter irradiation times led to iron threads partially covered with polymer as shown in Fig. 2 for comparsion. To obtain such channel-like structures, certain reaction conditions have to be optimized. We suppose that during MW irradiation a temperature gradient exists, because iron is heated up much faster than the surrounding solution. Free electrons of the metal resonate in the MW field. Due to the electrical resistance in a metallic material a heating effect can be observed [5, 13] . The temperature of the monomer solution rose very slow because toluene is highly nonpolar and does not show significant interactions with the MW (Fig. 3 ) [5, 6] . We suggest that the thermal decomposition of the initiator predominantly takes place close to the heated metal surface (as indicated in Fig. 4 , right hand side) whereas the solution temperature outside the iron fibres is too low to allow significent polymerisation (Fig. 4) .
Because the reaction is carried out without stirring the polymer coating is not disturbed by any flow processes. Therefore, a local deposition of the polymer predomi-nantly on the iron surface could be realized. The polymer undergoes no chemical reaction with the surface of the iron fibres.
In contrast to MW irradiation, classical thermal heating leads to a temperature gradient in the opposite direction. As expected the polymerisation reaction starts first at the flask wall and in the solution. It is not possible to adjust the reaction conditions in this way that the polymer is formed only at the iron surface.
After removement of the iron fibres, materials with channel-like cavities can be recognised by means of optical microscopy. The porosity of the materials depends on the ratio between steel wool and monomer solution. The diameter of these 'channels' varies dependent on the thickness of the iron fibres from some micrometres up to one millimetre ( Fig. 1.2 ).
Scanning electron microscopy (SEM) elucidates the exact structure and the distribution of the tubes in the polymer matrix (Fig. 5) . A polymer with a somewhat smooth exterior surface is observed. Fig. 6 shows a tube in close-up view. In contrast to the smooth exterior surface of the polymer coat, the interior structure is quite rough. This fact can be attributed to the roughness of the metal fibre surface. Through the production process of steel wool, the iron threads are not uniformly spherical, but rather oval or sharp-edged. In Fig. 7 the angular outlines of the metal fibres can be recognized. . The angular outlines of the metal fibres, which can be related to the production process, can be recognized
Experimental part

Materials and methods
Iron powder (Riedel-de-Haen), iron fibres (steel wool from Mako (00 = fein)) and toluene (Acros) were used as received. Methyl methacrylate (Acros) and ethylene glycol dimethacrylate (Acros) were purified by distillation in vacuum and stored in a freezer. Microwave experiments were carried out in a monomode microwave (CEMDiscover) equipped with an IR sensor for temperature control. Infrared (IR) spectra were recorded on a Nicolet 5SXB FT-IR spectrometer with an ATR-diamond. Scanning electron micrographs were obtained with a ZEISS Gemini 1530 at 1 kV equipped with field emission gun (FEG) and in lens detector. 
General procedure of polymerisation
Conclusions
It can be asserted that with steel wool in a monomer solution, a polymer layer can be placed on the surface of iron fibres by microwave irradiation. Channel-like structures can be obtained after treatment with concentrated hydrochloric acid. Optical microscopy and SEM prove the existence of such structures.
This observations opens a wide field of practical applications. For example, protective polymeric layers on fine metal objects (within to nanometer ranges) could be placed on the surface to protect the metal against external influences and corrosion.
Further potential applications become visible in the medical area, e.g., for the reconstruction of bones. The bone cells may grow into the cavities and create powerful attachment between the implant and the bone.
